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ABSTRACT 
A new animal model for the study of melanocytic tumors is presented. A strain of miniature 
swine, bred for small size, has genetically determined tumors similar to many types of human 
pigment tumors, from benign junctional nevi to bizarre metastatic melanomas. Some 
tumors regress spontaneously and this regression may be accompanied by a generalized 
depigmentation of the animal with a predilection for many of the same anatomic areas 
invoJved in human vitiligo . These animals are ideal for study of the interrelationships of 
senescence, aclinic exposure, and other factors in malignant degeneration, as well as the role 
of immunity and growth control factors in regression and regulation of tumor growth. 
At the University of Missouri Sinclair Com para· 
tive Medicine Research Farm. a herd of swine is 
maintained for studies of chronic disease and 
aging. These animals were originally developed at 
the Hormel Institute in Minnesota and bred for 
small size for easier handling and upkeep in 
research. In 1965, a large cutaneous melanoma in 
one animal prompted a short-term study of all 
swine born in this herd [ 1). The incidence of 
cutaneous melanocytic tumors was 21 percent and 
these were initially divided into two types: an 
exophytic tumor, "nevus-like melanoma" (Figs. 1, 
2) present in 11 percent, and a deeply pigmented, 
flat, lentigo-like spot [2, 3] present in 15 percent. 
The animals are of particular interest because of 
the variety of pigmented tumors found and be-
cause of the striking spontaneous regression of 
tumor associated with generalized depigmenta-
tion. 
The early studies of these animals show a clear 
genetic difference in the incidence of tumors. None 
of the pigs born with the red coat color have 
tumors. In the early out-bred litters of black pigs a 
variety of tumors and the unusual depigmentation 
was first reported (vide infra). In this group with 
low incidence of tumors, the progression from 11at 
pigmented lesions to large exophytic melanoma-
like tumors is seen in a small number of animals. 
THE LIFE CYCLE OF TilE S\'vl~E Tl:MORS 
These swine tumors clinically and histologically 
simulate the life history of melanocytic nevi (4, t j 
and other pigmented tumors in man (Table 1) . 
Visible cutaneous lesions have five morphologic 
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stages (Table ll). The studies on these animals 
showed some of the tumors progressing from stages 
1 through 5, with progression l'rom stage l through 
regression the most common pattern. More recent 
kindreds show an increased number of congenital 
tumors, developing tlat lesions shortly after birth 
which thus far have slowly elevated and progressed 
only to stage::\ (Fig. 3). 
The regression in many of these animals is 
accompanied by striking depigmencation (stages 4 
and 5, Figs . .J 6). Of the present kindreds detailed 
in Table TII. total depigmentation has thus far 
occurred in two of the animals, both prior to two 
years of age. The vitiligo-like pattern has been 
more common in the 1600 litter, having been seen 
in four of this group. The 2100 and 2300 litters are 
less than 18 months of age and the depigmentary 
phenomenon has not been seen. 
When the tumors depigment, a patterned, gener-
alized depigmentation may occur which begins on 
the skin proximal to the hooves, around the geni-
talia, and around the eyes. One is impressed by the 
striking parallel to human vitiligo (Fig. 5). The end 
result is an animal with gray-white skin (Fig. 6) 
and depigmentation of most of the hair. The skin 
in areas around the tumors is entirelv white. These 
pigmentary changes are similar to those associated 
with melanoma in gray horses [5], another species 
with a high inciden<'e of such tumors. but the horse 
melanoma behaves in a more benign manner than 
that in our animals. 
Tumors are often present at birth (Table ill, Fig. 
7), and exophytic tumors have been seen in piglets 
removed by caesarean section. This has been 
previously described in swine [6- 8] and appears to 
be similar to the human congenital " bathing trunk 
nevus ... With aging, most of these tumors regress, 
in contrast to human congenital nevi. The inci-
dence of malignant degeneration of these congeni-
tal pigmented nevi in the newer litters is not 
known . 
At the current s tage of selective breeding, there 
appear to be two populations. One group of ani-
mals has tumors that progress from stage I to 5, 
and only occasionally depigment. ln the other 
group, exophytic tumors are found at birth, and in 
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Ft<:. 1: The "nevus-l ike melanoma" tumor in the swme. Note the oozin~. moa~t appearance of the cut edge of the 
baopsaed tumor. The!'e tumors extrude large amount~ of melanin -like material 
Fl(;. 2: Abdomen of the Sinclair swine showing ven flat lesions (arrows) clanil·allv like human junct tonal nevi 
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these animals the tumors follow either a malignant 
pattern or a pattern of early vitiligo which pro-
gresses to generalized depigmentation . 
Selective breeding of animals has greatly in-
creased the incidence and extent of tumors. [n the 
prior generation, about 110 percent of the swine 
were affected and one death occurred in a young 
swine due to mediastinal obstruction from a mela -
noma. This kindred was interbred, and litters to 
date have a more than 60 percent incidence of 
congenital tumors (Table ill). The inctdence is 
even higher (80 percent) if one excludes the ani-
mals with the red coat color. 
H1~1'0t.OG\ 
While the skin of the pig generally differs from 
human skin [9). these tumors are similar lO thetr 
human counterparts clinically (Table Il and micro-
scopically. Histologic studies initially were dif-
ficult because of the large amounts of melanin 
obscuring cellular detail. Recently. bleaching tech-
niques have permitted us to overcome this problem 
and to evaluate the reactive infiltrate in more 
detail. The pigment-hearing cells that are 
bleached have a bizarre. foamy appearance !Figs. 
8-10) and their exact nature cannot be determined 
by light microscopy. The following histolo!{) of the 
various stages is based on HIE-stained sections 
which have been bleached by the KMnO. tech-
nique. 
The first stage of these tumors resembles most 
closely the junctional nevus in man. with some 
acanthosis and predominance of pigmented dopa 
( +) cells in the basal portion of the epidermis (Fig. 
lll. Numerous clear cells are noted in this stage. 
These tumors are clinically also like human junc-
tional nevi <dark brown macules) and the darkness 
of color parallels the amount of melanocytes in the 
basal epidermis. An occasional melanophage is 
noted within the dermis. 
Stage 2 resembles the so-called dropping off of 
human nevi, with some acanthosis and hyperkera-
tosis with the first appearance of breaching and 
distortion of the basement membrane by small to 
large nests of melanocytes apparently penetrating 
TABLE I 
PrRm ented ll?btOn~ .~e~>n m thl' su•me and thetr human 
countt>rpari~ 
SwinP le~ion:-. 
Flat lesions 
Elevated lesions 
Rnised hlue tumors 
Peripheral depigmentat ion 
Regressing leston!'. 
Ulcerative tumors 
Systemic pigmented tu-
mors 
Congenital tumors 
Humnn f(IUnterparh 
,Junctional nevus 
Compound ne,·u.~ 
Blue ne,·us 
Vitiligo 
Sutton's halo nevus 
Melanoma 
'> Mctasta«isofmela· 
nnma 
Bat hmg 1 runk/conjl'enital 
ni!VU!' 
TAHLE TJ 
Tumor sta~e~ 
Stage Characteri~tit'll 
1 Flat. dark gray to black macules 
2 Dark black, smooth nodules 
3 Large black fissured tumors. urten 
exuding large amounts of black 
fluid 
4 Early regre~sing tumors. bluish in 
color with a nauer. smoother 
~urface. and often with a depig-
rnented halo 
5 Bluish-gray to white plaque:> or 
macules as.~ociated with a whit-
ening or the normal black hair 
coat 
• For detail~. see text. 
A· : Majority 
Hblnln~• 
Agr 111 On't•t 
Figurl' 
A' B" 
Likt> JUncttonal ne,·i or I st few week>. •) 
lentigines of life 
Jncreabtng dermal com- 2 :1 month~ I 
poncnl in some 
"dmppmg off' 
Primaril~· dermal pig- 6 mont"h~ birth 3. 8 
mt>ni -bt>aring celb 
~;l plub epidermal 8 months 2 6 month~ :, 
changes 
Often like nurmul epi- 12-16 months 6 8 month~ 6. 7 
dermis 
B ': Pattern seen in le,;s than 10 percent of animal~- with very aC!I\ e tumors. These animals also ha\e some tumon; 
that rollow the sequence of Column I. 
FIG. 3: A weanling pig with several tumors present 
since birth. Some of these are exophyt ic, large t umors (A) 
and others a re macules which became elevated in the first 
s ix months or life ( Bl. 
FtG. -1 : A tumor that is undergoing early regression . Note the depigmenlalion of the la rge hai rs around the tumor 
and the central depigmentation of the tumor. 
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Frc. 5: Early depigmentation in a vitiligo-hke pat-
tern. !'\ote the periorbicular depigmentation and depig-
mentation proximal to hooves. most prominent on the pig 
on the viewer's right. Both pigs ha,•e perioral dep•gmen-
tationand marked depigmentation ofthe~crotum. which 
cannot be seen on this photograph. 
F1c. 6: A dramatic example of the dep1gmentary proce<s seen 111 the hlack swme uf thJb l(eneuc s1ram. The animals 
in the background are normally pigmented swine of the l;ame age. 
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TABLE 111 
Pedigree of Sinclair swine 
0 C) y 
0 (l 
~ LJ 
I l 
I 
I 1600 I itter 
I r I 
w 
I 
0 0 LJ 
I @ 0 0 
2300 litter 
o* 
~: Ammals w1th documented melanomru.. 
•: Animals w1th red coat color. 
I ·r - I 
0 0 ~ I 
I 
0 
r I T- 1 r 
® C; ~ 0 0 
2100 litter 
l I 
~ ~ 0 ~ ® 
The remaining animals 11ere used in other experiments and the mcidence of tumor~ 1n these Em1mals is unknown. 
the dermis or being surrounded by dermal prolifer-
ation . There is a large increase in pigment -contain -
ing cells within the dermis, generally grouped 
together but occasionally in ~heets and surround-
ing neurovascular bundles. Pigmentation is so 
intense that cellular details are difficult to deter-
mine on HIE-stained sections. Bleaching reveals a 
dense infilt rate of foamy mononuclear and multi-
nucleated giant cells. These cells are melanocytes 
on electron microscopic evaluation [101. 
The ~:>tage :{ lesion. clinically exophytic and often 
ulcerated, is characteri ted by a nodular dermal 
infiltrate of pigment-containing cells which often 
obi iterate the normal dermal-epidermal junction. 
Epidermal changes in these lesions are those of 
proliferation or ulceration. With proliferation one 
can see complex branchin~t of the rete ridges 
similar to that seen in lentigines. The extensive 
infiltrate in the dermis is made up of what appear 
to be both melanocytes and melanophages. 
Stage 4 is the first stage of regression of these 
tumors and the chAn"''"' ::.t si milar to those in 
stage :3. but ol a lesser degree. The dermal infiltrate 
is characterized by a predominance of melano-
phages with less proliferation of ac tive melano-
cytes. There is a minimal cellular infiltrate without 
the cha racteristic pattern and predominance of 
lymphocytes seen in normal rejection 
The final depigmented stage 5 often has a 
normal epidermis, but occasiOnally demonstrate!; 
some hyperkeratosis and acanthosis of nonspecific 
nature. Pigment in these lesions is in the dermis, 
often deep, and frequently lHirrounding blood ves-
sels. The overall amount of pigment i!i less than 
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. FIG. 7: A lar~e congenital tumor on the !'!nout of a weanling pig. This animal subsequently died of infection at age 
~1x montdhs .. Th1s large tumor and several others were present tbrouf!,hout the bodv at death and these tumor!\ so 
tnlerferc 
1
w1th n~rmal gr?wt.h and de\•elopment that 1 he animal actually achie\'ed m'aximum weight at six weeks ~nd 
gradually ost we1ght until time of death . 
that of previous stages. In many tumors the 
regression is not uniform . 
C'OMMEI"TS 
These animals are of extreme interest because of 
the multiplicity of lesions that they develop. The 
finding of tumors with junctional activity makes 
them an even more interesting research tool. for 
the blue nevus type of pigmentary tumor is the 
most common in animals. Jn add it ion. the increas-
ing incidence of congenital tumors with selective 
breedin~ will a llow some studies comparing these 
tumors with the human bathing trunk nevus. 
The most fascinating phenomenon in these ani-
mats is the regression and depigmentation. which 
is similar to that in the halo nevus of Sutton. Some 
rese~blance to t?e regressive forms of lentigo 
maltgna of Hutchmson and other pigmented tu-
mors is notable [11}. A difference is that the swine 
tumor obtains a greater size, has faster growth. and 
greatly exceeds the melanin production of its 
human counterpart~;. The extensive regression nec-
essary lor these large melanin-packed nodules to 
become depigmented hyperkeratotic lesions is im -
pressive and suggests that potent growth or im-
munologic factors are important in this regression. 
1n early growth stages, disruption oft he epidermis 
via biopsy or trauma results in the drainage of 
large amounts of melanin. a ready source of large 
volumes of material lor biochemical anal\'sis. 
With this large volume of the melanin produc-
ti~n: melano~is occurs in the internal organs of 
mtmature swme [12}. 
Preliminary work thus far points out the appar-
ent role of immunologic phenomena in these 
changes. We have observed enhanced delaved 
hy~ersensitivity in animals undergoing depigm'en-
tatwn who are challenged with tumor.; from other 
animals.:j: Another of this group of animals, pur-
chased and used elsewhere for slUdy. de\eloped 
tumors spontaneously. When this animal was 
made surgically uremic, the tumor underwent 
rapid growth, perhaps related to the depression of 
delayed hypersensitivity in uremia.* 
While most of these tumors have demonstrated a 
be~ign regressing course, a few or the young 
antmals have had tumors that metastasized and 
contributed to their death. Three of these have 
been studied completely upon necropsy. One ani-
mal developed paraplegia from tumor im·ohement 
of a vertebral body . At autopsy. widespread pig-
mented cells were found throughout many organs. 
~?ther pig, from a litter with an extreme!) high 
mca~ence of pigmented tumors, expired due to 
resp1ratory obstruction and this was found to be 
related to a large mediastinal pigmented tumor. 
t Hook RR: Unpubli~hed data 
§ Lew1s, Martin: Per!!Onal commumcaton 
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Fa .. 8: :Stage II le;ion which was clinically likE' a human intradermal ne\w.. The den~:oe concentration of 
melanin -conlainin~t cells is apparent. hut their exact nature is impossible to determine hecause of the hea"y pigment 
depo,ition . (H/E. 71)). 
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FIG. 9: The same tumor as in Fig. 8 after bleach in!( has removed much ot the melanin. 1-.: 1251. 
Ft< •. 10: Bleached cells showing the foamy appearam·e. { ~ 600). 
Ft<~ . 11· A flat lesion m whtch the JUnctiona l posttiun and nest ing ol the pigmented cell~ can be ~een. l HIE. 12:1). 
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There was extensi\·e gross pigmentation of many of 
the thoracic lymph nodes and lung. Histologic 
examination was consistent with melanoma. The 
third piglet was born with multiple tumors, the 
largest near the snout (Fig. 8). l'lcerat ion and 
recurrent infection of the large tumor occurred 
until death. At necropsy, areas of melanosis and 
many metastases were seen in the vi);Cera. 
The large amounts of tissue and serum available 
from these animals make them an ideal subject for 
the study of various physical and chemical factors 
that have a role in the stimulation and depression 
of cell growth. The rather dramatic cessation of 
melanin production of these animals suggests that 
factors are involved in this process which may be 
amenable to further study. 
The authors wish to acknowledge the e:cpert. assistance 
of Mrs. Judy Blommer, A.B. 
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